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Abstract 

The e f fec t ive  recombination coeff ic ient  tx is determined by 

the rate d t  which the horizontal  component H of the geomagnetic 

f i e l d  re turns  t o  the normal l e v e l  during bay-like perturbations. 

It is shown, t h a t  as the  ionization density N increases, the recom- 

bination coeff ic ient  bc decreases, so tha t  a- c/N, where c = 5*10-=4 

I 

sec-'* Such 

is given of the ionizat ion bahnce  equation f o r  t he  pa r t i cu la r  case of 

t r iangular  and sinusoidal function of ion formation q, 

dependence on N i s  being explained, Finally, solution 

COVER -TO-COVER TEbANSLATI9N 

It was shown i n  reference E 1 1  , t h a t  during bay-like perturbations, 

increased ionizat ion clouds in the  E-region "break-off" t he  place of 

corpuscular stream intrusion, and move with the wind, A t  the  same time, 

the  density of t h e i r  ionizat ion decreases at a r a t e ,  determined by that 

of the recombination. Thus, the investbigation of t he  s a t e  a t  which the 

geomagnetic f i e l d ' s  component H re turns  t o  normal during geomagnetic 
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bays allows a detai led 

E-layer. 

t racing of the recombination process i n  the 

Analysis of data obtained i n  reference c13, has shown t h a t  the 

e f fec t ive  recombination coef f ic ien t  6 is not constant, but  var ies  

together with the ionization density. 
:I 

t 

The object of t he  present work i s  a more detai led study and 

explanation of t h a t  dependence, and the obtention of cer ta in  formulas 

expressing the correlat ion between the r a t e  of ion  formation, the ioni-  

zation density, and t h e  e f fec t ive  recombination coeff ic ient ,  One must 

then bear i n  mind t h a t  the recodination coef f ic ien t  i n  t h e  E-layer i s  

by one order higher f n  daytime than in nighttime f27, and the r a t e  of 

ionizat ion density decrease is bas ica l ly  determined by the  ra te  of 

decrease i n  in tens i ty  of the ionizing agent, and not by the  secornbha- 

t i o n  r a t e .  That is  why the r e s u l t s  expounded below are only related t o  

recombinat ion  i n  nighttime. 

The graph presented i n  Fig, 1 indicates  t he  course of the recom- 

bination coeff ic ient  as  a function of ionization density M e  It was 

obtained according t o  da ta  of reference E 1  

dispersion o f t h e  points,  the dependence of 6r on M is  r a the r  c l e w l y  

revealed. A t  the same time, it appears, t h a t  o( = c/N, where - c i s  a 

a constant fac tor  equal t o  6 0 5  .lO-tsec-l. 

I n  sp i te  of a s igni f icant  

The dependence of the recombination coeff ic ient  on the ioniza- 

t i o n  density was studied i n  fu r the r  d e t a i l  by the course of the hori- 

zontal component GH of t h e  magnetic f i e l d  during separate bays according 

t o  data of Murmansk geophysical observatory. It was then assumed, 
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t h a t  other f ac to r s  being invariable, t he  in tens i ty  of e l e c t r i c  currents 

i n  the  ionosphere, and conseauently of H too, is  proportional t o  iono- 

sphere 's  conductivity. The la t ter  i s  i n  i t s  turn proportional t o  the  den- 

s i ty  of ionization, i.e. fi = kSH, where k i s  the f ac to r  of proportio- 

na l i ty .  

If weeadmit t ha t  d =  c/N, the  ionization balance equation takes  

the  form 

- -  - q ( t )  - c N .  dN 
d t  

If q ( t )  drops quickly enough, so t h a t  after passing the  m a x i m u m  N ( o r  bH) 

w e  may estimate t h a t  q ( t )  = 0 ( the  va l id i ty  of t h i s  assumption i s  dis- 

cussed below), and the ionization density a t  the moment t i s  N t  =Nmax emct 

where P& 

of the  m a x i m u m  of I?. Taking in to  account t h a t  N = kSH, w e  have 

i s  the  maximum value Nand t, and i s  counted as of t he  moment 

be found from the  rate of H return t o  

normal level .  A t  the  same time, e s sen t i a l  becomes the  circumstarce, t h a t  

t he  coeff ic ient  K,  does not en te r  i n t o  the  expression (l), and whose 

magnitude i s  known t o  us extremely approximately, i .e. the  magnitude e 

may be determined without making any assumptions concerning the conducti- 

- 

v i t y  of t he  ionosphere [13. 

The investigation of concrete bays has shown t h a t  t h e  equality (1) 

is  approximately f u l f i l l e d  i n  a l l  examined cases. 
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11 bays were studied i n  1960 by such.a  method. The r e s u l t s  obtai- 

ned are compiled i n  the following Table : 

17.IX 0; 00 
26.X 
21 .x. 
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1,41 
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1,03 
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1,49 
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I - -  
1,61 1,86 
0,99 1,16 

1,2S 1,50 
1,34 1,48 

1,69 1,92 
1,64 1,82 
1,OO 1,34 

1,37 1,51 

- - 

- - 

I 
An averaged course of F ( t )  i s  plot ted i n  Fig. 2. It may be seen 

from the graph t h a t  the obtained values fro F ( t )  f i t  well the s t r a igh t  

l i n e ,  i .e.  the eauali ty (1) i s  valid.  Consequently, the or ig ina l  assump- 

t i o n  t h a t  a =E - C i s  a l so  correct. A t  the  same time c = 5 lo-' sec -1 . N 
During average-intensity magnetic storms ( b H  of the order of 3 O O y  and 

N = 6 10 5 ~ m " ~  El]) t he  e f fec t ive  recombination coefficient i s  

o( = 1 * loo9 cm3 sec'l, which agrees well with data of other authors [2]. 

The difference i n  values - c obtained from the graphs of Fig.1 and 2 

i s  easy t o  explain. Indeed, i n  the  first case, c was determined as  

where i s  the time during which 6H diminishes twice E13 

while i n  the  second case, it follows from the  equality S H t  = %%a e - c t  

tha t  c =e 1/$ , where T i s  t h e  time during which 5 H  diminishes - e times. 

1 , 5 ~ ,  which corresponds t o  the values obtained. Therefore = ---- 7 c  
z1 &In 2 

i 
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The obtained dependence of the e f fec t ive  recombination coeff i -  

c ien t  on ionization density may apparently be explained i n  the fo l lo-  

wing manner : 

The ef fec t ive  recombination i s :  &== Me +hi 62, 31, where 

oCe = cm2 sec- l  is  the recornbination coeff ic ient  of electrons w i t h  

posi t ive ions, = -f- cm3 sec-' i s  the coefficient of the 

ionic  recombination, and 

ions t o  t h a t  of electrons. The general expression f o r  

i s  the  r a t i o  of concentration of negative 

has the form E31: 

Simplifying it, w e  obtain f o r  the E-layer the following magnitudes : 

and 

a =  pn i n  daytime n P  -I- T n  
- .. 

h = i n  nighttime. 
7 ' _ _  . 

Here yl = lo1' i s  the coeff ic ient  of electron ffphoto-unstickingfl 

y n  = t o  

r e s u l t  of co l l i s ions  j = t o  i s  the adhesion (s t icking)  coef- 

f i c i e n t  of  e lectrons and n i s  the  concentrq+<m of neutral  molecules. 

is  the  coeff ic ient  of electron W-&ickingft as a 

0 - F m -  
A s  may be seen from e expressions, t he  term 

Ne ( a i  - a e >  i n  t h  xninator of formula ( 2 )  

i s  usually neglected i n  \iew of i t s  smalness i n  

comparison with the  remaining terms. However, 

it may grow i n  nighttime during magnetic storms 

becoming greater  than t h e  remaining terms. 

\ $  

I I I )  

0 12 2i 36 48 6Ot,nun 
Fig, 2 
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Indeed, vlf disappears. y n  = 10-3 

t o  while N e " i  during average 

1 105 (10-7+ 10-8) = 10-2+10-3. 
- 

I n  t h a t  case = In/( a iNe  ), which 

corresponds t o  the  magnitude 

i n  nighttime. Then 

, obtained by Ghosh c43 f o r  the F -region 

which agrees with the obtained experimental resu l t s .  A t  t he  same time, 

it i s  obvious t h a t  

which agrees well with the magnitude 1, brought out by other authors [2, 31. 

Let us  now derive ce r t a in  correlat ions l inking between themselves 

the r a t e  of formation of ions q ( t ) ,  the  coeff ic ient  c and the ionizat ion 

density N (t ) . 
- 

On t h e  bas is  of the above-expounded data, the  ionizat ion balance 

equation f o r  the E-layer i n  nighttime has the form CW /dt  = q ( t )  - cN. 
L e t  us resolve t h i s  eauation f o r  the par t icu lar  case when q (t) has the  

form of a t r iangular  pulse (Fig. 3 ) ,  i. e. 
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From the equal i ty  ( 3 )  it i s  easy t o  f ind  the time lag 't of the 

maximum of ionizat ion density N re la t ive ly  t o  the maximum of q. Indeed, 

it follows from the condition dN/dt : 

k2 C 

whence 

where Nmax is  the ionization density m a x i m u m .  

It may be seen f romthese  formulas, t h a t  the r e l a t ive  course of 

t he  ionizat ion density and the time l a g  T depend only on the  form of 

t h e  pulse 9, and do not depend on i t s  absolute magnitude. 

Let us  examine i n  more d e t a i l  the  obtained correlat ions f o r  the 

simplest case of a symmetric pulse q ( t )  , i. e, when kl = k2=  k ;  

*) !ac stands f o r  Nmm 
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where qm,/c 

duration of the  pulse q (t). 

represents the  ionization density, reached a t  the  i n f i n i t e  

The course of f (T) i s  shown i n  Fig.4. It may be seen from the 

graph, t ha t  f o r  usual durations of t he  pulse (T = 10 + 30 min.) i n  

case of bay-like disturbances, f (T) = 0.2 t-0.5. Thus, f o r  an increase 

i n  ionization density till 5 10 5 ~ m ' ~ ,  corresponding t o  an average geoma- 

gnetic bay in t ens i ty  ( 8H = 25OY), 

se t o  500 - 1000 em3 see"'. Nm drops sharply a t  pulse q duration increa- 

se, and a t  T = 20 sec, t he  pulse q , of same amplitude as i n  the  first 

case, w i l l  increase the ionizat ion density only t o  5 0 lo3 cm-3. Therefore, 

short-term pulsations, even of great  in tens i ty ,  do not cause notable ioni-  

zation density variations,  and consequently of geomagnetic e f fec ts  e i ther .  

I n  determining the  effect ive recombination coeff ic ient  by means of 

the  r a t e  of ion formation must increa- 

time lag  of ionization density m a x i m u m  re la t ive ly  t o  the  m a x i m u m  rate of 

ion formation, formula "i = 3 et N i s  generally used is, 61. This formula 

i s  obtained i n  t h e  assumption t h a t  o( = const. Analysis of formula (L)  

shows, t h a t  f o r  average pulse q ( t )  durations (T = 10 + 30 min), 

i.e. the usually u t i l i z e d  formula for Z remains va l id  a lso i n  t h e  case 

t4= c/N. 

Let us now examine the  case, when q ( t )  has no longer the form of 

a so l i t a ry  pulse, b u t t h a t  of a per iodical  function. Let be 

(ti.= qp + A  sin 4 

where go i s  the average l eve l  near which osc i l la t ions  of q take place, 
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A i s  the amplitude of var ia t ions  of q 

period of q osc i l la t ions) .  

and 0 = 2sc/T0 (here To i s  the 

I n  tha t  case the solut ion of t h e  ionization balance equation has 

the fcsm 

where 9 = arc  t g  @/c. 

In  case of f a s t  osc i l la t ions  (To of the  order of several  minutes 

and l e s s )  

i. e. a t  f a s t  osc i l la t ions  q the  ionizat ion density grows exponentially, 

approaching the boundary value q d c ,  while undergoing osc i l la t ions  with 

an amplitude A/& , much lower than the  m a x i m u m  l e v e l  %/c. 

L e t  us  now examine the  e f fec t  

on the  precision of magnitude c deter-  

mination of the f a c t  t h a t  q ( t )  breaks 

suddenly after t h e  m a x i m u m .  Let us com- 

pute f o r  t ha t  purpose F ( t )  f o r  a s e r i e s  

of t ra ingular  pulses q with T1 = 30 min. 

and T2 = 30, 20, 10 and 5 min. The 

i t & .  5 . corresponding course of F ( t )  i s  shown 

i n  Fig.5. It may be seen from the  graphs t h a t  the  form of F ( t )  var ies  with 

T2 only during the f irst  several  minutes, a f t e r  which the  graph F ( t )  rapid- 

l y  tends t o  a s t r i g h t  l i ne ,  p a r a l l e l  t o  F ( t )  = c t .  For a duration of t he  
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r e a r  f ront  of the pulse ( t q )  of less than 10 min., the graph F ( t )  does not 

prac t ica l ly  d i f f e r  from the  l i m i t  s t ra ight  l ine .  Therefore, even i f  q ( t )  

diminishes slowly, c may be determined with a suf f ic ien t  precision 

according t o  the  r ec t i l i nea r  port ion of the diagram F (t). It must be 

noted, however, t h a t  t he  initially-slowed down course of t he  curve 

could not be detected f o r  a l l  t he  11 examined bays. This implies t h a t  

t h e  ionizing flux breaks rather  rapidly. 
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